The microarray data has been deposited in NCBI Gene Expression Omnibus (GEO) database under the accession number GSE58276.

Introduction {#sec001}
============

Astrocytomas are the most common primary malignant brain tumor in the central nervous system \[[@pone.0135242.ref001]\]. According to the 2007 World Health Organization (WHO) classification, astrocytomas can be categorized into 4 grades based on their histological and morphological features \[[@pone.0135242.ref002]\]. Despite new biological insights and therapeutic advances, the general prognosis for astrocytoma patients remains poor, particularly in patients with grade IV astrocytomas (glioblastoma multiforme, GBM), who have a median survival time of only 15 months \[[@pone.0135242.ref003]\]. A better understanding of the genetic and molecular disorders of the disease is the key to early diagnosis, appropriate treatment and improved prognosis of patients with astrocytoma.

Recently, long non-coding RNAs (lncRNAs) have attracted increasing scientific interest. LncRNAs are transcripts longer than 200 nucleotides that are not translated into proteins and are found in sense or antisense orientation to protein-coding genes, within introns of protein-coding genes or in intergenic regions of the genome \[[@pone.0135242.ref004]--[@pone.0135242.ref005]\]. A significant proportion of lncRNAs have intrinsic RNA-mediated functions in *trans*, while the majority of lncRNAs are thought to function in *cis* (through the act of their transcription) \[[@pone.0135242.ref006]\]. An increasing number of studies have suggested that lncRNAs are deregulated in different types of cancer and function as tumor suppressors or oncogenes \[[@pone.0135242.ref007]--[@pone.0135242.ref008]\]. Undoubtedly, lncRNAs have become new players in cancer pathogenesis after microRNAs, although the detailed mechanisms of most lncRNAs remain largely unknown.

Although the clinical stage of cancer is the primary predictor of survival for patients who have undergone surgery for most solid tumors, including astrocytoma, the predictions are not very accurate. Patients of the same stage with similar treatment may have very different clinical outcomes. Unique patterns of altered lncRNA expression may serve as novel molecular biomarkers for astrocytoma. Han et al. found that the lncRNA profile in GBM was significantly altered and may be involved in GBM pathogenesis \[[@pone.0135242.ref009]\]. Zhang et al. demonstrated that specific lncRNA expression profiles were correlated with different histological subtypes and malignancy grades in human glioma, and they identified a set of 6 lncRNAs that were significantly associated with overall survival in GBM patients \[[@pone.0135242.ref010]--[@pone.0135242.ref011]\]. Hackermuller et al. found that 126 known lncRNAs were differentially expressed between astrocytomas of grade I compared to the aggressive states grades III and IV \[[@pone.0135242.ref012]\]. Yan et al. found that 815 lncRNAs were differentially expressed between the GBM and normal brain groups \[[@pone.0135242.ref013]\]. Li et al. classified three molecular subtypes in glioma patients based on lncRNA expression profiles \[[@pone.0135242.ref014]\]. Although these studies established their own lncRNA signatures for astrocytoma, the results were from a small number of cases, or were only specific to GBM, or were from statistical analysis, or were not associated with prognosis.

In the present study, we investigated the lncRNA expression profile of human astrocytoma by comparing the expression levels of lncRNAs in WHO grade II-IV astrocytoma samples with that from normal adjacent tissue (NAT) samples using a high-throughput lncRNA microarray followed by quantitative real-time PCR (qRT-PCR). We observed a widespread variation in the levels of lncRNA expression during astrocytic tumorigenesis. Notably, the profile of seven specific lncRNAs exhibited great potential to differentiate astrocytomas from NAT samples. The upregulation of ENST00000545440 and NR_002809 was associated with advanced clinical stages of astrocytoma. Using the Kaplan-Meier survival analysis and univariate/multivariable statistical models, we showed that low expression levels of BC002811 or XLOC_010967 and high expression levels of NR_002809 were significantly associated with poor survival in astrocytoma patients. These results indicate that NR_002809, BC002811 and XLOC_010967 have the potential to serve as novel prognostic indicators of astrocytoma.

Materials and Methods {#sec002}
=====================

Study design, patients and control subjects {#sec003}
-------------------------------------------

The present study included 130 patients who underwent surgical treatment for treat astrocytomas at the Third Affiliated Hospital of Soochow University between 2005 and 2013. The study was approved by the Research Ethics Board of the Third Affiliated Hospital of Soochow University, and written informed consent was obtained from each participant.

The astrocytoma cases were individuals with newly diagnosed, histologically confirmed primary astrocytomas. Histological subtypes were defined according to WHO criteria. There were no age, gender or cancer-grade restrictions on recruitment. The following inclusion criteria were used: (i) the absence of previous cancers or recurrent tumors, (ii) the absence of previous chemo- or radiotherapeutic treatment and (iii) the absence of synchronous multiple cancers. Sixty NAT samples were also analyzed and served as controls. The NAT samples were the same as those described in our previous work \[[@pone.0135242.ref015]\]. The NAT samples were the peritumoral brain tissues, from the brain tissue adjacent to the tumor and involved in edema, and were histologically confirmed normal brain tissues by at least three independent pathologists. The NAT samples are normal adjacent samples from tumor patients but not of those included as disease cases in the analysis. All tissue samples were stored in liquid nitrogen until the time of analysis. Clinical follow-up examinations were performed every 3 months during the first year after surgery, and every 6 months during the second year, followed by an annual exam thereafter until death. The time to the event was measured from the time of surgery to death or to the last recorded follow-up visit for the included patients.

A multiphase, case-control study was designed to identify lncRNAs as potential markers for astrocytomas. In the initial biomarker screening stage, an lncRNA microarray was performed on 3 astrocytoma samples (1 WHO grade II, 1 WHO grade III, and 1 WHO grade IV) and 3 NAT samples to identify lncRNA differences between astrocytomas and controls. Subsequently, sequential validation was performed using qRT-PCR to refine the number of lncRNAs included in the astrocytoma signature. All 130 samples included in the confirmation stage were randomly separated into training (40 astrocytoma samples and 20 NAT samples) and validation (90 astrocytoma samples and 40 NAT samples) sets prior to analysis. The demographic and clinical features of the patients are listed in [Table 1](#pone.0135242.t001){ref-type="table"}.

10.1371/journal.pone.0135242.t001

###### Summary of the demographic and clinical features of the astrocytoma and NAT samples.

![](pone.0135242.t001){#pone.0135242.t001g}

                                                Training Set                 Validation set                                               *p-*value [^c^](#t001fn003){ref-type="table-fn"}                                                  
  --------------------------------------------- -------------- ------------- ---------------------------------------------- ------------- -------------------------------------------------- ---------------------------------------------- ----------------------------------------------
  **Average age (years)**                       45.3 ± 13.3    44.1 ± 11.8   0.535 [^d^](#t001fn002){ref-type="table-fn"}   46.2 ± 15.0   44.8 ± 12.6                                        0.427 [^d^](#t001fn004){ref-type="table-fn"}   0.372 [^d^](#t001fn004){ref-type="table-fn"}
  **Age (years)**                                                            0.927 [^e^](#t001fn005){ref-type="table-fn"}                                                                    0.977 [^e^](#t001fn005){ref-type="table-fn"}   0.571 [^e^](#t001fn005){ref-type="table-fn"}
  ≤ 46                                          18             10                                                           47            21                                                                                                
  \> 46                                         22             10                                                           43            19                                                                                                
  **Sex**                                                                    0.854 [^e^](#t001fn005){ref-type="table-fn"}                                                                    0.860 [^e^](#t001fn005){ref-type="table-fn"}   0.837 [^e^](#t001fn005){ref-type="table-fn"}
  Male                                          23             11                                                           48            22                                                                                                
  Female                                        17             9                                                            42            18                                                                                                
  **WHO grade**                                                                                                                                                                                                                             
  Diffuse astrocytoma (WHO grade II)            15                                                                          29                                                                                                              
  Anaplastic astrocytoma (WHO grade III)        13                                                                          31                                                                                                              
  Glioblastoma multiforme (GBM, WHO grade IV)   12                                                                          30                                                                                                              
  **Follow-up**                                                                                                                                                                                                                             
  Alive                                         30                                                                          57                                                                                                              0.270 [^e^](#t001fn005){ref-type="table-fn"}
  Dead                                          10                                                                          33                                                                                                              
  Mean survival time (months)                   42.3 ± 17.3                                                                 45.7 ± 8.6                                                                                                      

^a^ Astrocytoma samples from training set versus control samples from training set.

^b^ Astrocytoma samples from validation set versus control samples from validation set.

^c^ Astrocytoma samples from training set versus astrocytoma samples from validation set.

^d^ Student\'s t-test.

^e^ Two-sided λ^2^ test.

LncRNA microarray {#sec004}
-----------------

Total RNA was first extracted from 3 tumor samples and 3 NAT samples using Trizol reagent (Invitrogen) according to manufacturer's protocol. The Agilent human lncRNA + mRNA Array v2.0 was used in this study. The microarray experiment and data analysis were performed by CapitalBio, Beijing, PR China. A detailed version of the procedure is included in the [S1 Method](#pone.0135242.s005){ref-type="supplementary-material"}.

Selection of a suitable target for normalisation {#sec005}
------------------------------------------------

Two algorithms, geNorm \[[@pone.0135242.ref016]\] and NormFinder \[[@pone.0135242.ref017]\] were used to assess the expression stability of putative normaliser genes. The geNorm algorithm calculates the average expression stability (M value) of a gene by using pairwise comparisons with a cut-off value of 0.15, ranking putative reference genes according to the similarity of expression profiles across a sample set. NormFinder is a model-based approach that determines the expression stability of candidate reference genes according to their group origin. This approach determines the inter- and intra-group variation and combines both results in a stability value for each gene. According to NormFinder, genes with the lowest stability will be ranked highest.

Quantification of lncRNAs by qRT-PCR analysis {#sec006}
---------------------------------------------

For qRT-PCR, the reverse transcription reactions were carried out with Reverse Transcriptase (SuperScript III, Invitrogen) according to the manufacturer's instructions. Approximately 2μg total RNA was added to each reaction. The TaqMan gene expression assay (Invitrogen) was performed on an ABI 7500 system in a 20μl reaction. All the primers and probes were designed and produced by Invitrogen. The reactions were incubated at 95°C for 5 min, followed by 40 cycles of 95°C for 15 s, and 60° for 60 s. All quantitative PCR reactions were performed in triplicate. Each lncRNA in each sample was repeated by qRT-PCR for at least 3 times. The Ct value of each candidate lncRNA was then normalized to the expression value of GAPDH. Relative expression levels of the lncRNAs were calculated using the 2^-△Ct^ method.

Statistical analysis {#sec007}
--------------------

Statistical comparison of the demographic features between the astrocytoma and NAT samples, or between the astrocytoma samples from the training and validation sets, was performed by Student's t-test or two-sided λ^2^ test. The differences were considered statistically significant when p \< 0.05. We constructed the receiver operating characteristic (ROC) curve and calculated the area under the ROC curve (AUC) to evaluate the potential power of the lncRNA signature for astrocytoma. Risk score analysis was performed to evaluate the associations between the expression levels of the lncRNAs and astrocytoma. The risk score of each lncRNA, denoted as *s*, was set to 1 if the expression level was greater than the upper 95% reference interval for the corresponding lncRNA level in the controls; otherwise, it was set to 0. A risk score function (RSF) to predict astrocytoma risk was defined according to a linear combination of the expression level for each lncRNA. For example, the RSF for sample *i* using the information from *n* lncRNAs was $rsf_{i} = {\sum_{j = 1}^{n}{W_{j} \cdot s_{ij}}}$. In the above equation, *s* ~*ij*~ is the risk score for lncRNA *j* on sample *i*, and *W* ~*j*~ is the weight of the risk score of lncRNA *j*. To determine the Ws, *n* univariate logistic regression models were fitted using the disease status with each of the risk scores. The regression coefficient of each risk score was used as the weight to indicate the contribution of each lncRNA to the RSF. Moreover, we identified the lncRNAs with expression levels significantly related to patient survival. The survival curves were estimated using the Kaplan-Meier method in SPSS 13.0, and the resulting curves were compared using a log-rank test. We also computed a level of statistical significance for each lncRNA based on a univariate Cox proportional hazard regression model in SPSS 13.0. The joint effect of covariables was examined using a multivariate Cox proportional hazard regression model in SPSS 13.0. The differences were considered statistically significant when p \< 0.05.

Results {#sec008}
=======

Demographic and clinical features of astrocytoma patients {#sec009}
---------------------------------------------------------

A total of 130 histologically confirmed astrocytoma patients from the Third Affiliated Hospital of Soochow University, ranging from WHO grade II to grade IV, were enrolled in the present study. Additionally, 60 NAT samples were analyzed and served as controls. These samples were randomly assigned to a training set (40 astrocytoma samples and 20 NAT samples) or to a validation set (90 astrocytoma samples and 40 NAT samples). The demographic and clinical features of the astrocytoma and NAT samples are listed in [Table 1](#pone.0135242.t001){ref-type="table"}. There was no significant difference in the demographic factors between the patient samples and the controls, or between the patient samples from the training set and the validation set. Of the 40 tumor samples in the training set, 15, 13, and 12 samples were diagnosed as diffuse astrocytoma, anaplastic astrocytoma or glioblastoma multiforme, respectively. Of the 90 tumor samples in the validation set, 29, 31, and 30 samples were characterized as diffuse astrocytoma, anaplastic astrocytoma or glioblastoma multiforme, respectively. There was no significant difference in tumor grade between the patient samples in the training set and the validation set. All 130 astrocytoma patients received follow-up examinations. Among the 40 patients in the training set, the median follow-up time was 42.3 months (range 13--102 months). During the follow-up period, 10 patients (25.0%) died from the disease. Of the 90 patients in the validation set, the median follow-up was 45.7 months (range 14--110 months), and 33 patients (36.7%) died during this period.

Selection of candidate lncRNAs for astrocytoma using microarray analysis {#sec010}
------------------------------------------------------------------------

To select candidate lncRNA biomarkers for astrocytomas, we first performed an initial lncRNA screening of 3 astrocytoma samples and 3 NAT samples by lncRNA microarray. The results revealed that the lncRNA expression profiles varied between the astrocytomas and the NAT samples. Among the lncRNAs detected, 3806 lncRNAs with a fold change \> 2 or \< 0.5 and a q value \< 0.05 were found to have significantly different expression levels in astrocytoma samples compared to NAT samples. Of those, 1196 were downregulated and 2610 were upregulated. These lncRNAs were listed in [S1 Table](#pone.0135242.s006){ref-type="supplementary-material"}. Hierarchical clustering of these lncRNAs clearly separated the astrocytoma samples from the NAT samples ([S1 Fig](#pone.0135242.s001){ref-type="supplementary-material"}). We next narrowed down the list of lncRNAs to be used as astrocytoma lncRNA profile. The following criteria were used to select the lncRNA for further analysis based our experience: 1) the raw gProcessed Signal \> 500, 2) retained all probes that did not overlap protein coding transcripts. 3) the lncRNA length \> 500 kb and \< 2500 kb. The antisense transcripts were retained. Too small sequences bring the risk of losing some regulatory sites, and reduce the signal. Too large sequences enhance the noise and reduce the significance. Consequently, 59 lncRNAs (31 being downregulated and 28 upregulated) that met the inclusion criteria were chosen ([S2 Table](#pone.0135242.s007){ref-type="supplementary-material"}). The microarray data has been deposited in NCBI Gene Expression Omnibus (GEO) database under the accession number GSE58276.

Selection of a suitable target for normalization {#sec011}
------------------------------------------------

Proper normalization is a critical aspect of quantitative gene expression analysis. An algorithm known as geNorm was used to assess the expression stability of 4 putative normalizer genes (GAPDH, β-actin, 18s rRNA and 28s rRNA). The geNorm analysis clearly showed that GAPDH was highly consistent in their expression levels across 40 astrocytoma tissue samples and 20 NAT samples in the training set (Fig A in [S2 Fig](#pone.0135242.s002){ref-type="supplementary-material"}). GAPDH was statistically superior to other most commonly used reference RNAs. When the gene expression stability was estimated independently using the NormFinder software, the result was essentially the same as that from geNorm. The NormFinder algorithm selected GAPDH as the optimal reference gene for normalization (Fig B in [S2 Fig](#pone.0135242.s002){ref-type="supplementary-material"}). In the subsequent experiments, ubiquitously expressed GAPDH was used as a normalization control for the qRT-PCR assay.

Validation of the microarray results by qRT-PCR {#sec012}
-----------------------------------------------

The 59 candidate lncRNAs were individually assayed by qRT-PCR in the 130 astrocytoma samples and 60 NAT samples, including the samples used in the microarray, to validate their differential expression. Only the lncRNAs with a mean fold change \> 2 or \< 0.5 and a p-value \< 0.05 were selected from the training set for further validation. LncRNAs were excluded from further analysis when their expression levels were not significantly altered, the assays were not linear, the detection rates were \<50%, or the Ct values were higher than 35 in the qRT-PCR assay. Based on these parameters, our analysis generated a total of 9 lncRNAs that were differentially expressed between astrocytomas and NAT samples ([Table 2](#pone.0135242.t002){ref-type="table"}). To verify the accuracy and specificity of these lncRNAs and to refine the number of lncRNAs to be used as the astrocytoma signature, we further assessed the 9 lncRNAs in the validation sample set. The lncRNAs were considered significantly altered only when they exhibited a mean fold-change \> 2 or \< 0.5 relative to the controls, a p-value \< 0.05 and a parallel trend of variation between the training set and the validation set. Our analysis ultimately generated a list of 7 lncRNAs that were differentially expressed in astrocytomas in comparison to the NAT samples ([Table 2](#pone.0135242.t002){ref-type="table"}). Among these lncRNAs, ENST00000244906, ENST00000545440, NR_002809 and ENST00000436616 were shown to be upregulated by a factor greater than twofold, whereas 3 lncRNAs, XLOC_010967, BC002811 and ASO1937, were shown to be downregulated by a factor greater than twofold.

10.1371/journal.pone.0135242.t002

###### Validation by qRT-PCR of differentially expressed lncRNAs in astrocytoma samples compared to NAT samples.

![](pone.0135242.t002){#pone.0135242.t002g}

  LncRNA            Training set   Validation set   Training + Validation   Result                                  
  ----------------- -------------- ---------------- ----------------------- --------------- ------- --------------- -----------------
  ENST00000244906   5.05           3.61 × 10^−4^    3.19                    4.74 × 10^−2^   3.399   4.06 × 10^−3^   significant
  ENST00000545440   2.45           6.82 × 10^−3^    3.72                    1.64 × 10^−6^   2.610   2.61 × 10^−6^   significant
  NR_002809         2.21           1.30 × 10^−2^    2.47                    3.44 × 10^−2^   2.201   1.24 × 10^−2^   significant
  ENST00000436616   2.74           4.71 × 10^−2^    2.35                    1.31 × 10^−2^   2.050   1.00 × 10^−2^   significant
  XLOC_010967       0.40           3.62 × 10^−2^    0.42                    5.18 × 10^−4^   0.474   7.81 × 10^−4^   significant
  BC002811          0.31           5.37 × 10^−6^    0.48                    2.39 × 10^−4^   0.429   7.11 × 10^−8^   significant
  ASO1937           0.19           1.50 × 10^−3^    0.34                    4.88 × 10^−3^   0.290   3.63 × 10^−5^   significant
  ENST00000424474   2.09           4.87 × 10^−3^    1.25                    3.64 × 10^−1^                           not significant
  uc002hng.1        0.48           1.47 × 10^−5^    0.88                    6.74 × 10^−2^                           not significant

The differential expression of lncRNAs between astrocytoma samples and NAT samples was further characterized by an unsupervised clustering analysis that was blind to the clinical annotations. The dendrogram generated by the cluster analysis showed a clear separation of the astrocytoma samples from the NAT samples based on their respective lncRNA profiles ([Fig 1](#pone.0135242.g001){ref-type="fig"}). Of the 40 astrocytoma samples and 20 NAT samples from the training set, only 1 astrocytoma sample and 1 NAT sample were incorrectly classified ([Fig 1A](#pone.0135242.g001){ref-type="fig"}). In the validation set, 90 astrocytoma samples and 40 NAT samples were also clearly separated into two main classes, with 3 astrocytoma samples and 5 NAT samples incorrectly classified ([Fig 1B](#pone.0135242.g001){ref-type="fig"}). Finally, a similar result was obtained when we combined the samples from the training set and the validation set, with 10 astrocytoma samples and 5 NAT samples incorrectly classified among the 130 astrocytoma samples and 60 NAT samples ([Fig 1C](#pone.0135242.g001){ref-type="fig"}).

![Cluster analysis of differentially expressed lncRNAs between astrocytomas and NAT samples.\
The lncRNA expression levels, as measured by qRT-PCR, were normalized, mean-centered, clustered, and plotted as a heat map for the training set (A), the validation set (B), and all samples (C). The dendrogram generated by the cluster analysis shows a clear separation of the astrocytoma and the NAT samples based on the 9 or 7 lncRNA profiles.](pone.0135242.g001){#pone.0135242.g001}

Among the mRNAs detected, 3547 mRNAs with a fold change \> 2 or \< 0.5 and a p value \< 0.05 were found to have significantly different expression levels in astrocytoma samples compared to NAT samples. Of those, 1959 were upregulated and 1588 were downregulated. Among the mRNAs with the raw gProcessed Signal \> 500, two of the 5 most upregulated mRNAs (Tenascin-C, Aquaporin-1) and two of the 5 most downregulated mRNAs (HAPLN4, PPP2R2C) were validated in the training set (40 astrocytomas and 20 NAT samples). As shown in [S3 Fig](#pone.0135242.s003){ref-type="supplementary-material"}, Tenascin-C, and Aquaporin-1 were significantly upregulated in astrocytoma tissues compared with NAT samples, while HAPLN4 and PPP2R2C were significantly downregulated. These results were coincided with prior studies \[[@pone.0135242.ref018]--[@pone.0135242.ref021]\].

To assess the power of the lncRNA signature, we used a risk score formula to calculate the risk score for patient samples and control samples in the training set. The samples were ranked according to their risk score and then divided into a high-risk group, which represented the predicted astrocytoma cases, and a low-risk group, which represented the predicted control individuals. The ROC (receiver operating characteristic) curve is a graphical plot that illustrates the performance of a binary classifier system as its discrimination threshold is varied. The frequency table and the ROC curve were then used to evaluate the power of the 9-lncRNA panel. The AUC for the combined 9 lncRNAs was 0.9992 (95% CI, 0.9990 to 1.0003) for the astrocytomas and controls ([S4 Fig](#pone.0135242.s004){ref-type="supplementary-material"}).

Correlation of lncRNA expression with demographic and clinical factors {#sec013}
----------------------------------------------------------------------

We subsequently investigated whether lncRNA expression levels represented specific molecular signatures for subsets of astrocytomas. The expression levels of the 7 lncRNAs in the astrocytoma samples were stratified using 3 types of clinicopathological parameters (sex, age, and WHO grade). We assessed the relationship between these clinical features and the lncRNA expression levels. No lncRNAs were found to be differentially expressed when the astrocytoma samples were stratified by age or sex. However, 2 lncRNAs were found to be differentially expressed when the samples were stratified according to tumor grade. As shown in [Fig 2](#pone.0135242.g002){ref-type="fig"}, the expression of ENST00000545440 and NR_002809 increased from WHO grade II to WHO grade IV astrocytomas. This result suggests that the upregulation of ENST00000545440 and NR_002809 is associated with advanced clinical stages of astrocytomas.

![The levels of lncRNA expression in the astrocytoma patients stratified by tumor grade.\
The relative expression levels of ENST00000545440 and NR_002809 in each group are shown.](pone.0135242.g002){#pone.0135242.g002}

Correlation between lncRNA expression profiles and survival of astrocytoma patients {#sec014}
-----------------------------------------------------------------------------------

We next investigated the correlation between the lncRNA expression profiles and patient survival using the prospective follow-up data collected from the 130 astrocytoma patients. Due to the observation that 7 lncRNAs were differentially expressed between the astrocytoma patients and the controls, these lncRNAs were used for the survival analysis. The expression levels of these 7 lncRNAs in the astrocytoma samples were first stratified by the median value; then, the survival of the patients with high lncRNA expression levels (≥ median) was compared with the outcomes for patients with low lncRNA expression levels (\< median), as determined by Kaplan-Meier survival analysis. We observed a marginally significant poorer survival rate in astrocytoma patients who expressed high levels of NR_002809 (p = 0.049, [Fig 3A](#pone.0135242.g003){ref-type="fig"}), and low levels of BC002811 (p = 0.026, [Fig 3B](#pone.0135242.g003){ref-type="fig"}) and XLOC_010967 (p = 0.024, [Fig 3C](#pone.0135242.g003){ref-type="fig"}). The results suggested that following tumor resection, the expression of NR_002809, BC002811, and XLOC_010967 may have a prognostic value for astrocytoma patients. To further evaluate the prognostic value of the 3-lncRNA profiling system, Kaplan-Meier survival analysis was used to compare the patients with high-risk and low-risk scores. The risk score was calculated using information from the 3 lncRNAs according to the equation described in the methods for each patient. The risk scores of these patients were stratified by the median value. The high risk score was the risk score ≥median, while the low risk score was the risk score\<median. The patients with high-risk scores had a poorer survival rate than those with low-risk scores (p = 0.049) ([Fig 3D](#pone.0135242.g003){ref-type="fig"}).

![The relationship between the lncRNA expression levels and the survival time of the astrocytoma patients.\
(A) Kaplan-Meier survival analysis of the astrocytoma patients stratified according to the expression level of NR_002809. (B) Kaplan-Meier survival analysis of the astrocytoma patients stratified according to the expression level of BC002811. (C) Kaplan-Meier survival analysis of the astrocytoma patients stratified according to the expression level of XLOC_010967. (D) Kaplan-Meier survival analysis of the astrocytoma patients according to the 3-lncRNA signature stratified by risk score.](pone.0135242.g003){#pone.0135242.g003}

Subsequently, a univariate Cox proportional hazard regression model was performed to determine the influence of lncRNA expression, as well as clinicopathological characteristics (gender, age and WHO grade), on patient survival. WHO grade II was designated as the low pathological grade, and WHO III-IV was designated as the high pathological grade. This univariate analysis indicated that age, WHO grade and the expression levels of NR_002809, BC002811, and XLOC_010967 were significantly related to survival (hazard ratio \>2 and p-value \<0.05 were considered to be statistically significant), whereas gender was not ([Table 3](#pone.0135242.t003){ref-type="table"}). To adjust for the potentially confounding effects of univariate modeling of age, gender or WHO grade, a multivariate Cox proportional hazard regression analysis using all of these clinicopathological factors was performed. The multivariate analysis revealed that old age, high NR_002809 expression level and low BC002811 and XLOC_010967 expression levels were independently associated with decreased survival ([Table 3](#pone.0135242.t003){ref-type="table"}). These results suggest that BC002811 expression levels are an important prognostic predictor, independent of other clinicopathological factors.

10.1371/journal.pone.0135242.t003

###### Survival analysis of astrocytoma patients in relation to the clinicopathological characteristics and lncRNA expression.

![](pone.0135242.t003){#pone.0135242.t003g}

  Variable                Subset                 Hazard ratio (95% CI)   p-value
  ----------------------- ---------------------- ----------------------- -----------
  Univariate analysis                                                    
  Gender                  Female/Male            1.032 (0.563--1.894)    0.918
  Age                     Age≥46/Age\<46         5.088 (2.420--10.696)   \< 0.0001
  WHO                     High grade/Low grade   3.167 (1.404--7.470)    0.005
  NR_002809               High/Low               2.962 (1.523--5.869)    0.042
  BC002811                Low/High               2.061 (1.041--3.965)    0.037
  XLOC_010967             Low/High               2.086 (1.097--3.968)    0.025
  Multivariate analysis                                                  
  Gender                  Female/Male            0.749 (0.395--1.422)    0.377
  Age                     Age≥46/Age\<46         6.163 (2.722--13.702)   \< 0.0001
  WHO                     High grade/Low grade   2.328 (0.966--5.442)    0.051
  NR_002809               High/Low               3.022 (1.129--8.087)    0.028
  BC002811                Low/High               4.573 (1.863--11.228)   0.001
  XLOC_010967             Low/High               2.782 (1.122--6.893)    0.027

Discussion {#sec015}
==========

In the present study, we examined the lncRNA profiles of astrocytoma samples and NAT samples and identified a unique astrocytoma signature composed of 7 differentially expressed lncRNAs. Unsupervised clustering analysis revealed a clear separation of astrocytoma samples from NAT samples, indicating that these 7 lncRNAs may represent an astrocytoma lncRNA ''fingerprint." The upregulation of ENST00000545440 and NR_002809 was associated with advanced clinical stages of astrocytoma. Moreover, the low expression of BC002811 and XLOC_010967, or high expression of NR_002809 was significantly associated with poor patient survival.

An increasing number of studies have suggested deregulation of lncRNAs in various cancers. In the present study, we provide a \'\'proof-of-principle\'\' approach to identify a particular disease-specific lncRNA profile. This approach included microarray analysis as an initial screening followed by multiple qRT-PCR validation sets at the individual level. Employing this approach, we identified a unique expression profile for astrocytoma. In the present study, we identified a unique lncRNA signature of astrocytoma comprising 7 differentially expressed lncRNAs. However, these lncRNAs were different from those found in previous studies. Indeed, we investigate the lncRNA expression profiles in a sample set including 40 NAT samples and 130 astrocytoma samples across grades II-IV, while the lncRNA signatures established by other studies were only from a limited patient cohort, or were only specific to GBM, or were not associated with prognosis, or were just from statistical analysis by literature screen. Though no single lncRNA was found in common, our study on astrocytoma lncRNAs was more comprehensive and more systematic. The reason for limited overlap between our study and other previous studies may be due to the differences in study design, race, sample size and methodology.

Like protein-coding genes and microRNAs, lncRNAs can function as oncogenes or tumor suppressors during cancer progression. The mechanisms through which lncRNAs contribute to the regulatory networks that underpin cancer development are diverse. The functions of lncRNAs are intimately linked to their gene structures. Thus, understanding the gene structure for these molecules is essential to determining how they function. Though many investigators have suggested the presence and importance of structural elements within lncRNAs, lncRNA structure remains poorly understood. LncRNAs act through a variety of mechanisms such as remodeling of chromatin, transcriptional co-activation or co-repression, protein inhibition, and posttranscriptional modifiers or decoy elements \[[@pone.0135242.ref022]\]. Consequently, altered expression of lncRNAs can lead to changes in the expression profiles of various target genes involved in different aspects of cell homeostasis \[[@pone.0135242.ref023]\]. A further investigation of the roles and mechanisms of lncRNAs in cancer will provide novel lncRNA-based strategies for the treatment of human cancers. Some lncRNAs have been reported as oncogenes. HOTAIR promotes glioblastoma cell cycle progression in an EZH2 dependent manner, while its reduction induced colony formation suppression, cell cycle G0/G1 arrest, and orthotopic tumor growth inhibition \[[@pone.0135242.ref024]--[@pone.0135242.ref025]\]. H19 promotes glioma cell invasion by deriving miR-675 \[[@pone.0135242.ref026]\]. POU3F3 promotes cell viability and proliferation in glioma cells \[[@pone.0135242.ref027]\]. Some lncRNAs are reported as tumor suppressors. ROR inhibits the cell proliferation and reduces the CD133 expression rate and glioma stem sphere-forming ability \[[@pone.0135242.ref028]\]. CASC2 suppresses cell proliferation, migration, and invasion, and promotes cell apoptosis in human gliomas by miR-21 \[[@pone.0135242.ref029]\]. TSLC1-AS1 inhibits cell proliferation, migration and invasion in glioma cells \[[@pone.0135242.ref030]\]. ADAMTS9-AS2 is regulated by DNMT1 and inhibits the migration of glioma cells \[[@pone.0135242.ref031]\]. However, up to now, there have been no direct reports regarding the roles of the identified lncRNAs in our study in cancer development.

Seeking novel molecular biomarkers of malignancy is important and helpful for clinical diagnosis and management. The discovery that lncRNAs are key regulators in cancer transformation and progression leads to intriguing possibilities of application for diagnostics and therapeutics. The use of noncoding RNAs in diagnostics has intrinsic advantages over protein-coding RNAs. Although lncRNAs may require post-transcriptional modifications or protein interactions to function, because the mature product is the functional end-product, measurement of its expression directly represents the levels of the active molecule. Many lncRNAs are expressed in a tissue- and cancer-type restricted manner and have already been shown to be useful as prognostic markers. HOTAIR was strongly increased in primary tumors and metastases of breast cancer patients, with expression levels positively correlated with a poor survival rate \[[@pone.0135242.ref032]\]. MVIH was found to be overexpressed in hepatocellular carcinoma and was significantly associated with decreased recurrence-free survival and overall survival \[[@pone.0135242.ref033]\]. H19 was underexpressed in intratumoral hepatocellular carcinoma tissues (T) compared to peritumoral tissues (L), and a low T/L ratio of H19 was associated with shorter disease-free survival and can be used to predict poor prognosis \[[@pone.0135242.ref034]\]. In glioma, MALAT1 was shown to be upregulated and served as an independent prognostic parameter for patient survival \[[@pone.0135242.ref035]\]. In our study, we found that the low expression of BC002811 and XLOC_010967 and the high expression of NR_002809 were significantly associated with poor patient survival. However, the reason that these three lncRNAs appear to have a prognostic impact on the survival has yet to be elucidated. There have been no reports about the roles of these three lncRNAs in astrocytoma development. Nevertheless, additional studies to investigate how the altered expression of these lncRNAs contribute to the development and/or progression of astrocytomas would improve our understanding of the molecular basis of this tumor and may ultimately lead to novel therapeutic interventions, as well as a prognostic tool for this disease.

In conclusion, our study identified an lncRNA signature of astrocytoma and presents the first assessment of the impact of lncRNAs on the survival of astrocytoma patients. Further validation studies in prospective cohorts and in cohorts from different institutions are needed to test the prognostic power of the signature before it is applied in a clinical setting. This observation should initiate further research to elucidate the functional effects of these lncRNAs, which will improve our knowledge regarding the role that these novel biomarkers play in carcinogenesis and will elucidate their potential as therapeutic agents.
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###### Cluster analysis of lncRNAs that were differentially expressed between 3 astrocytomas and 3 NAT samples based on lncRNA microarray (T = tumor, N = NAT).

(TIF)

###### 

Click here for additional data file.

###### The stability of the selected reference genes by qRT-PCR assay.

The expression levels of 4 selected candidates were measured using qRT-PCR from astrocytoma (n = 40) and NAT (n = 20) samples. The CT values were averaged, and the standard deviation was calculated. A) Identification of the optimal number of reference genes for accurate normalization using geNorm. B) Identification of the most stable reference genes using NormFinder.

(TIF)

###### 

Click here for additional data file.

###### The relative expression of Tenascin-C, Aquaporin-1, HAPLN4 and PPP2R2C in astrocytomas and NAT samples.

For comparison, the expression levels of these 4 genes in NAT samples were arbitrarily set at 1.

(TIF)

###### 

Click here for additional data file.

###### Receiver operating characteristic (ROC) curve for the 9-lncRNA profile to distinguish the astrocytoma samples from the control samples.

(TIF)

###### 

Click here for additional data file.

###### The procedure of lncRNA microarray experiment and data analysis.

(DOC)

###### 

Click here for additional data file.

###### All the potential lncRNAs detected from microarray.

(XLS)

###### 

Click here for additional data file.

###### The candidate lncRNAs selected for qRT-PCR.

(XLS)

###### 

Click here for additional data file.
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